We review some results on the equivalence of quantum states under local unitary transformations (LUT). In particular, the classification of two-qubit Schmidt correlated (SC) states under LUT is investigated. By presenting the standard form of quantum states under LUT, the sufficient and necessary conditions of whether two different SC states are local unitary equivalent are provided.
transformations. Two states are equivalent under local unitary transformations if and only if they have the same values of all these invariants. The method developed in [3, 4] , in principle, allows one to compute all the invariants of local unitary transformations, though in general it is not operational.
The problem of LU equivalences for arbitrary dimensional bipartite pure states, two-qubit mixed states and n-qubit pure states have been also solved completely. We first consider the case of pure states. Let H be an N-dimensional complex Hilbert space, with |i , i = 1, ..., N, as an orthonormal basis. A general pure state on H ⊗ H is of the form
with the normalization N i,j=1 a ij a * ij = 1 ( * denoting complex conjugation). A quantity is called an invariant associated with the state |Ψ if it is invariant under all local unitary transformations, i.e. all maps of the form U 1 ⊗ U 2 from H ⊗ H to itself, where U 1 and U 2 are unitary transformations on the Hilbert space H. Let A denote the matrix given by (A) ij = a ij . The following quantities are known to be invariants associated with the state |Ψ given by (1) , see [5] :
(with A † the adjoint of the matrix A). It can be shown that two pure bipartite states are LU equivalent if and only if they have the same values of these invariants.
In [6] the invariants for general two-qubit systems are studied and a complete set of 18 polynomial invariants is presented. It has been shown that these 18 invariants are sufficient to guarantee that two two-qubit states are equivalent under local unitary transformations, and lack of anyone of these 18 invariants would result in incompleteness of the set of invariants.
In [7] it has been shown that arbitrary n-qubit pure quantum states are LU equivalent if and only if their computable standard forms coincide.
Nevertheless, to determine whether two general states are locally equivalent is still an challenging problem. We have results only for some special classes of quantum pure or mixed states. In [8, 9] three-qubit mixed states are discussed according to LU invariants.
In [10, 11] a complete set of invariants is presented for bipartite generic mixed states. In [12] a complete set of invariants under local unitary transformations is presented for rank-2 and multiplicity free mixed states. In [13] the case of tripartite is studied in detail and a complete set of invariants is presented for a class of pure states.
Besides LU invariant approach, in [14] the matrix tensor product approach to the equivalence of quantum states under local unitary transformations has been introduced. If two bipartite density matrices ρ and ρ ′ in H 1 ⊗ H 2 , with dimensions M and N (M ≥ N) respectively, are equivalent under local unitary transformations, they must have the same set of eigenvalues λ i , i = 1, ..., NM. Let X and Y be the unitary matrices that diagonalize ρ and
where Λ = diag(λ 1 , λ 2 , ..., λ M N ). Let G be the fixed point unitary subgroup associated with ρ, i.e. gρ = ρg for all g ∈ G. If we define that a matrix V on H 1 ⊗H 2 is tensor decomposable if it can be written as there exists an M × M matrix U 1 and an N × N matrix U 2 , such that U = U 1 ⊗ U 2 and 
where 
where
to be an orthonormal ba- 
is a representation of the mixed state ρ. We call the set of all the representations of ρ the representation class of ρ, denoted by R(ρ). Then two mixed states ρ and ρ ′ of bipartite quantum systems are equivalent under local unitary transformations if and only if they have the same representation class, i.e. R(ρ) = R(ρ ′ ).
In particular for the two-qubit systems, M = N = 2, generally a mixed state ρ has four different eigenvalues λ i , (i = 1, · · · , 4). Here as the trace of ρ is one, only three eigenvalues are independent. Let |e i , i = 1, · · · , 4, be the corresponding orthonormal eigenvectors.
Since |e 4 is determined by other three eigenvectors up to a scale e iθ , we only need to take into account three eigenvectors. Every eigenvector of these three |e i , i = 1, 2, 3, can have at most Schmidt rank two. But only one of the Schmidt coefficients µ
, is independent. Therefore only three eigenvalues and three Schmidt coefficients (all together 6 quantities) are free. The matrices X 1 and Y 1 are unit matrices of order 2. While X 2 , Y 2 , X 3 , Y 3 are unitary matrices of order 2, taking the following form
where r > 0, α 1 , α 3 , α 3 ∈ IR. That is, every matrix has four free quantities. Since |e i , i = 1, 2, 3, are perpendicular to each other, and |e 2 and |e 3 are determined up to a phase factor e iθ , there are only 6 free parameters left. Therefore we only need at most 12 invariants to check the local equivalence for two-qubit bipartite quantum systems, which is different from [6] where 18 invariants are needed.
We see that different approaches give rise to different results. Usually it is not easy to compare these results. The advantages of the results depend on detailed classes of quantum states under investigation. In fact to deal with the equivalence problem
n is equivalent to find the standard form of a density matrix ρ under the operations
n . In the following we investigate the equivalence of quantum states according to their standard form under local unitary transformations. In particular we consider the Schmidt-correlated (SC) states. We derive the detailed standard form for two-qubit SC states.
Schmidt-correlated (SC) states ρ = N m,n=0 c mn |m · · · m n · · · n| with N m=0 c mm = 1 is a special class of mixed states [18, 19] . For any local quantum measurement related to the SC states, the result is same whichever party performs the measurement. Bipartite SC states naturally appear in a system dynamics with additive integrals of motion [20] . Hence, these states form an important class of mixed states from a quantum dynamical perspective.
From another point of view, SC states are a natural generalization of pure state. Therefore we expect SC states have some elegant properties as pure states. For example, it has been proven that SC state is separable if and only if it is positive under partial transposition [19] .
Let A denote the set of all two-qubit SC states A = {c 1 |00 00| + c 2 |00 11| + c * 
with non-negative coefficients λ 1 , λ 2 , λ 4 such that λ 1 λ 4 ≥ λ In fact, we can generalize the above theorem to high dimensional multipartite case. That is, any SC state can be transformed into ρ ′ = N m,n=0 λ mn |m · · · m n · · · n| with non-negative coefficients λ mn satisfying λ 00 ≥ λ 11 ≥ · · · ≥ λ N N and λ mm λ nn ≥ λ mn .
We now prove that any states in A are LU equivalent if and only if their standard forms coincide.
Theorem 2 For arbitrary mixed state ρ = c 1 |00 00| + c 2 |00 11| + c * 2 |11 00| + c 4 |11 11| ∈ A, ρ ′ ∈ A is LU equivalent to ρ if and only if ρ ′ = c 1 |00 00|+c 2 e iδ |00 11|+c * 2 e −iδ |11 00|+ c 4 |11 11| or ρ ′ = c 4 |00 00| + c 2 e iδ |00 11| + c * 2 e −iδ |11 00| + c 1 |11 11| with arbitrary real number δ.
 be unitary matrices with
Under the transformations of U 1 ⊗ U 2 , the mixed two-qubit SC state ρ = c 1 |00 00| + 
matrix entries:
Because ρ ′ ∈ A, the entries are all zeros except ρ 
Adding Eq. (25) and Eq. (31), Eq. (26) and Eq. (29) we have
We analyze below for different cases:
In this case we have b 1 b 2 = 0 and a 1 a 2 = 0. Utilizing these two conditions, Eqs. (27), (28) and (30) become
Since c (1.1) If a 1 = b 1 = 0, then a 2 = e iθ and b 2 = e iφ . In this case we get,
with θ + φ = γ.
(1.2) If a 2 = b 2 = 0, then a 1 = e iθ and b 1 = e iφ . We obtain
Therefore we get that if ρ ′ ∈ A is LU equivalent to ρ, then it has the form (35) or (36).
In this case Eqs. (25) and (31), (26) and (29), (27) and (30) are equivalent respectively.
We only need to consider equations (25), (26), (27) and (28).
respectively. Then Eq.(37) × a * 
by substituting the value c 2 to Eq. (37). From Eq. (40) and the value c 2 , Eq. (28) becomes
which indicates α = 0, c 2 =
and
This equation can also be expressed as , one can simplify Eqs. (9), (12), (21) and (24) . At last we get 
Therefore the theorem holds true also for the case c 1 = c 4 .
From theorem 1 and 2 we have the necessary and sufficient condition of the LU equivalence of mixed state in A:
Theorem 3 Two SC states A are LU equivalent if and only if their standard forms coincide.
In particular for the pure states in A, i.e. all two-qubit pure states having the same Schmidt basis, we have get the corresponding necessary and sufficient condition: In the following we study the correlations of two-qubit states in A. Correlations also characterize some kinds of properties of quantum states [21, 22] . Generally a quantum state contains both classical and quantum correlations. In [23, 24] the classical correlation is defined in terms of measurement-based conditional density operators, and the quantum correlation is defined as the difference of quantum mutual information and classical correlation.
While in [25] classical correlation and quantum correlation are quantified by using relative entropy [26, 27] as a distance measure. Both definitions have their own advantages, but in both cases the relating calculations are quite difficult. Recently the quantum discord for two-qubit X states has been computed in terms of measurement-based conditional density operators [28] .
The classical correlation of a bipartite quantum state can be defined in terms of measurement-based density operator [23, 24] . Let B k be projectors performed locally on party B, then the quantum state, conditioned on the measurement outcome labeled by k, changes to
with probability p k = tr(I ⊗ B k )ρ(I ⊗ B k ). Clearly, ρ k may be considered as a conditional density operator. With this conditional density operator, the quantum conditional entropy with respect to this measurement is given by
and furthermore the associated quantum mutual information of this measurement is defined as
A measure of the resulting classical correlation is provided by
The difference of mutual information I(ρ) and classical correlation
which is a kind of measure of quantum correlation. Here the quantum mutual information is
with S(ρ) = −tr(ρ log ρ) and ρ A(B) = tr B(A) ρ.
Consider the correlations in two-qubit SC states ρ = c 1 |00 00| + c 2 |00 11| + c * 2 |11 00| + c 4 |11 11| according to the above definition. Let {Π k = |k k| : k = 0, 1} be the local measurement for party B, then any projector for party B can be written as {B k = V Π k V † : k = 0, 1} for some unitary V ∈ SU(2). While any unitary V can be written as V = tI +i y · σ with t ∈ IR, y = (y 1 , y 2 , y 3 ) ∈ IR 3 , and t 2 + y Different from the correlations described in terms of measurement-based density operator, Ref. [25] measures the correlations in a given quantum state by using the relative entropy [26, 27] as a distance measure. For a given quantum state ρ, the discord is defined as D R = min χ∈C S(ρ||χ), and the classical correlation C R = min π∈P S(ρ||π) with C resp. P denoting the set of all classical resp. product states respectively. By direct calculation, one can find that the closest classical state to two-qubit SC state ρ = c 1 |00 00| + c 2 |00 11| + c * 2 |11 00| + c 4 |11 11| is χ 0 = c 1 |00 00| + c 4 |11 11|. Hence the discord in ρ is D R = S(ρ||χ 0 ) = −(c 1 log c 1 + c 4 log c 4 ) − S(ρ).
The classical correlation is given by C R = S(ρ||π 0 ) = −2(c 2 1 log c 1 + c 2 4 log c 4 ) − S(ρ) with the closest product state to ρ being π 0 = (c 1 |0 0| + c 4 |1 1|) ⊗2 . We see that the classical
